Natural trans polyphenolic stilbenes were known to have numerous remarkable biological properties including beneficial effects on patients with cancers, cardiovascular diseases, viral infections, diabetes, dementia, and central nervous system (CNS) disorders. Among them, resveratrol, piceatannol and oxyresveratrol are recognized to be the representatives of trans-polyphenolic stilbenes (Fig. 1) .
activity of resveratrol has been well documented in recent years through a number of physiological and pharmacological studies which indicate that resveratrol plays an important role in prevention of cancers, [2] [3] [4] [5] heart diseases, 6) neurodegenerative diseases 7) and inflammations. 8) Moreover, the radical scavenging, 9) antiviral, 10) antioxidant, 11) lipid modification 12) as well as platelet aggregation inhibition activities 13) associated with resveratrol have also been reported. Recently, resveratrol has been shown to extend lifespan of yeasts, Caenorhabditis elegans and Drosophila melanogaster through activation of sirtuins (SIRT-1, 2), a nicotinamide adenine dinucleotide (NAD) dependent histone deacetylase that has been shown to directly correlate with cellular longevity, 14) and to improve health and survival of mice on a high-calorie diet. 15) Piceatannol (trans-3,3Ј,4Ј,5-tetramethoxystilbene) is a tetrahydroxystilbene and a close analog of resveratrol with an additional aromatic hydroxyl group. It has been isolated from grapes together with resveratrol and several other traditional Chinese herbs. 16, 17) Studies showed that piceatannol inhibits several tyrosine kinases involved in cell proliferation. [18] [19] [20] [21] The anti-tyrosinase activity of piceatannol (IC 50 ϭ1.53 mM) was significantly higher than that of resveratrol (IC 50 ϭ 63.2 mM). In addition, recent studies indicated that the cancer preventative agent resveratrol is converted to anticancer agent piceatannol by cytochrome P450 enzyme CYP1B1 22) and piceatannol protects PC12 cells from hydrogen-peroxideand peroxynitrite-induced apoptosis by blocking the activation of c-Jun N-terminal kinase (JNK) and the down-regulation of Bcl-XL. 23) Oxyresveratrol (trans-2Ј,3,4Ј,5-tetramethoxystilbene), available from Morus alba Linne Artocarpus lakoocha Roxb and mulberry wood, is another hydroxylated analog of resveratrol with high similarity. It has been known that oxyresveratrol is transported to tissues at high rates resulting in a bioavailability of about 50%. 24) Pharmacological studies have demonstrated that oxyresveratrol can be used as an active ingredient in dermatology, 25, 26) and exhibiting potent inhibitory effects on cyclooxygenase, 27, 28) rat liver mitochondrial ATPase activity 29) and dihydroxyphenylalanine (DOPA) oxidase activity.
27) It has also been revealed that oxyresveratrol is neuroprotective [30] [31] [32] [33] and inhibits the apoptotic cell death in transient cerebral ischemia. 30) Oxyresveratrol also shows a strong potential for practical use in food industry as an antibrowning agent for cloudy apple juices and fresh-cut apples. 34) Plants produce resveratrol and its hydroxylated analogues as phytoalexins and the contents of which are extremely poor and only produced in response to stress situations such as fungal infection or injury. For this reason they can hardly be obtained in large quantities by herb extraction, also, the so called "commercial availability" from roots of wild Polygonum cuspidatum is far from sustainable and environmentally benign. Therefore, highly efficient synthetic methods for large-scale preparation of these stilbenes are greatly desired. At present, many synthetic approaches for resveratrol and analogues have been designed through Wittig, 35, 36) Horner, 37) Emmons-Wadsworth, 38) and Heck 39) reactions. Other methodologies involve lithiation-condensation, 40) Perkin, 41) Ramberg-Bäcklund, 42) or Diels-Alder/Wittig 43) reactions. The formation of carbon-carbon double bond in trans-configuration is the key step in the synthetic process. Classical approaches such as Wittig and Heck reaction methods usually require relatively long synthetic sequences and use of expensive catalyst and reagents. In many cases, an extra work is required to transform the mixture of cis-/transisomers to trans-stilbenes. These shortcomings consequently result in low product yields and hinder the application of these approaches in large-scale synthesis. Moreover, very few studies on the synthesis of piceatannol [44] [45] [46] [47] [48] and oxyresveratrol 45) have been reported so far. Hence, the synthetic method of 7a-c which is more concise, trans-specific, mild and commonly applicable remains to be an important goal.
As part of our ongoing efforts to synthesize naturally occurring stilbene and derivatives, we herein reported a conventional and efficient methodology for the synthesis of resveratrol, piceatannol and oxyresveratrol based on Perkintype reactions. Starting from the cheap and commercially available 3,5-dihydoxyacetophenone (1), synthesis of the common intermediate 3,5-dimethoxyphenylacetic acid (3) was achieved through methylation and Willgerodt-Kindler reaction. Perkin condensations between 3 and methoxylated phenylaldehydes 4 gave E-2,3-diarylacrylic acids 5, which were then decarboxylated by means of copper powder in quinoline yielding Z-stilbene intermediates 6. Finally, through a simultaneous demethylation/isomerization process in the presence of AlI 3 , the title compounds of trans-polyphenolic stilbenes were obtained in high overall yields (Chart 1).
Experimental
Melting points of compounds were uncorrected and measured on Thiele apparatus.
1 H-and 13 C-NMR spectra were measured on Brucker DRX-400 spectrometers. Chemical shifts are reported as d values with tetramethylsilane (TMS) as an internal standard. IR spectra were recorded on a RFX-65A spectrometer. Mass spectrometry was performed on a Shimadzu GCMS-QP5050A and VG ZAB-HS mass spectrometers in electron ionization mode.
3,5-Dimethoxyacetophenone (2) DMS (2.5 ml, 25 mmol, dimethyl sulfate) and 10% aqueous NaOH (1.20 g, 30 mmol) were added simultaneously and drop wise to a solution of 3,5-dihydroxyacetophenone (1) (1.52 g, 10 mmol) in water at room temperature. The resulting mixture was stirred at room temperature for another 1 h, and then poured into ice-water, stirred and stored for a few hours, a great deal of brown solid 2 was obtained by filtration (1.69 g, 93.8%). mp 34-36°C; 
3,5-Dimethoxyphenylacetic Acid (3)
A mixture of 3,5-dimethoxyacetophenone (2) (1.80 g, 10 mmol), sulfur (0.48 g, 15 mmol), TsOH (0.086, 0.5 mmol, p-toluenesulfonic acid) and morpholine (10 ml) was stirred and heated at 120-130°C for 6 h. Upon cooling, 20% aqueous NaOH (2.0 g, 50 mmol) and TBAB (0.16 g, 0.50 mmol, tetrabutylammonium bromide) were added to the resulting mixture, and hydrolysis was carried out for a further 6 h at 100-110°C. The resulting mixture was cooled to room temperature, and the aqueous phase was adjusted to pHϭ6-7 with aqueous HCl (V/Vϭ1 : 1). The black oil-like impurity was removed by filtration. After the filtrate was acidified to pHϭ2, a large amount of precipitate was observed in the solution. The mixture was stored for a few hours and filtered. General Procedure for the Preparation of E-2,3-diacrylic acid (5) A mixture of 3,5-dimethoxyphenylacetic acid (3) (1.96 g, 10 mmol) and substituted phenylaldehyde 4 (10 mmol) in acetic anhydride (2.82 ml, 30 mmol) and triethylamine (2.78 ml, 20 mmol) was stirred at 120°C for 5 h. The resulting mixture was poured into ice-water, stirred and stored for a few hours, a great deal of yellow solid precipitated from the solution. The yellow solid was dissolved in 5% aqueous NaOH (50 ml) and extracted with ethyl acetate. After adjusting the aqueous phase to pHϭ2-3 with aqueous HCl (V/Vϭ1 : 1), a great deal of pale yellow solid appeared. The remaining solid was recrystallized from EtOH to afford a colorless crystal. (8) (1.68 g, 10 mmol) and 2,4-dihydroxybenzaldehyde (9c) (1.38 g, 10 mmol) in acetic anhydride (2.82 ml, 30 mmol) and triethylamine (2.78 ml, 20 mmol) was stirred at 110-120°C for 6 h. The resulting mixture was poured into ice-water, stirred and stored for a few hours, a great deal of yellow solid precipitated from the solution. The remaining solid was recrystallized from ethyl acetate to afford a white solid 10c (2.43 g, 90%). 
E-2-(3,5-Dimethoxyphenyl)-3-(4-methoxyphenyl)-acrylic
), 269.
General Procedure for the Preparation of trans-Phenolic Stilbenes (7)
To a solution of AlI 3 (20.40 g, 50 mmol) in CH 3 CN (100 ml) at 82°C was added drop wise the solution of 6 (10 mmol) in CH 3 CN (20 ml), and stirred for 3 h. The resulting mixture was concentrated, and a yellow solid appeared. The remaining solid was added into water, a pale yellow solid was obtained, which was recrystallized from EtOH/H 2 O to afford a white crystal. 
Results and Discussion
The Perkin reaction has been characterized as favorable atom economy, relatively high yields and simple operations. We therefore based our strategy on Perkin-type reactions to form the stilbene skeleton. It could be noticed that the 3,5-dihydroxyphenyl group (usually referred to as A ring of stilbene) is a common subunit for target compounds 7a-c, so a common intermediate can serve as starting material. 3,5-Dihydroxyphenylacetic acid (8) was initially taken into consideration as the starting material but this compound is not commercially available and is difficult to prepare. Therefore we started with 3,5-dihydoxyacetophenone (1), which was cheap and readily available, and obtained 3,5-dimethoxyphenylacetic acid (3) as the common intermediate through methylation and Willgerodt-Kindler rearrangement in 80.6% yield.
The procedure has several advantages such as simple operations, short reaction time and high purity of product. It is noteworthy that the direct Willgerodt-Kindler rearrangement of 3,5-dihydoxyacetophenone (1) under identical reaction conditions has also been investigated but failed to afford 3,5-dihydroxyphenylacetic acid (8) .
Perkin condensations between 3,5-dimethoxyphenylacetic acid (3) and substituted phenylaldehydes 4a-c in the presence of acetic anhydride and triethylamine at 120°C selectively gave E-2,3-diarylcrylic acids 5a-c in yields of 86.3%, 85.1%, and 81.6%, respectively. We can't detect the Z-isomer of 5a-c only after single crystallization. The E-configuration with a cis-relationship of phenyl rings can be clearly corroborated by 1 H-NMR spectrum (Fig. 2, for example 5c) , which has been well established in our previous studies. 50, 51) The field-effect of carboxyl group in 5a-c resulted in a remarkable down-field shift of the olefinic proton (Hb): dϭ7.84 for 5a, dϭ7.83 for 5b, dϭ8.12 for 5c, as compared with the olefinic proton of cis-isomer (dϷ6.90), suggesting that the down-field shift of olefinic proton is a typical character of E-2,3-diarylcrylic acid (5) . Moreover, the 2Ј-methoxy group of 5c may also exert an additional field-effect to the olefinic proton, leading to a even higher chemical shift. The H(2,6) proton of 5c appears as a doublet at d 6. Decarboxylation reactions of 5a-c were carried out in the presence of Cu/quinoline at 220°C under the protection of N 2 to give the Z-stilbene intermediates 6a-c in yields of 74.2%, 75.3%, and 70.6%, respectively. Results determined by 1 H-NMR spectrum clearly indicate that, despite the high reaction temperature, the decarboxylation process maintained the original cis-relationship of phenyl rings and gave the corresponding cis-products 6a-c with a typical coupling constant of Jϭ12.4 Hz.
Demethylation process of 6a-c took place smoothly in the presence of AlI 3 in acetonitrile. Interestingly and fortunately, a simultaneous cis-to trans-isomerization was also taking place during the demethylation process, giving high yields for the target compounds 7a-c. We tried a number of Vol. 58, No. 11 other solvents such as THF, EtOAc, C 5 H 5 N, and 1,4-dioxane, but none of them afforded the desired product. The proposed mechanism of demethylation/isomerization had been reported in our previous work.
51)
The target compounds have been characterized by IR, EI-MS and NMR analyses. The observed 1 H-NMR spectral pattern and the ratio of integrated intensities lend evidence to the structure of 7a-c. For example, the 1 H-NMR spectrum of 7a-c exhibited a typical AB system at 6.81-7.27 ppm with a coupling constant of Jϭ16.4 Hz, readily assigned to the trans olefenic unit, The active hydrogens of 7a-c disappeared through D 2 O exchange of 1 H-NMR, in agreement with the proposed structure. The 1 H-NMR spectral data were shown in Table 1 .
Additionally, due to our interest on the substitution effect concerning Perkin reactions, we used 3,5-dihydroxyphenylacetic acid (8) instead of 3,5-dimethoxyphenylacetic acid (3) as the starting material to explore Perkin condensations with hydroxylated phenylaldehydes 9 (Chart 2). Our results show that the reactions between 8 and 9a, b produced E-2,3-diacrylacrylic acids 10a, b as the main products as expected, whereas the reaction between 8 and 9c afforded a novel cyclized stilbene derivative with a molecular formula of C 15 H 10 O 5 , namely 3-arylcoumarin 10c. The regioselectivity formation of 10c may come out of isomerization and subsequent lactonization of ortho-hydroxylated E-2,3-diarylacrylic acid. The later was a intermediate of Perkin reaction. As the backbone of this kind of compounds bear the resemblance to stilbenes, coumarins as well as isoflavones, the biological properties of which are of great interest. Further results associated with this methodology will be reported in due course.
Conclusion
A facile and practical synthesis of trans polyphenolic stilbenes including resveratrol, piceatannol and oxyresveratrol were achieved under Perkin strategy in high overall yields. Starting from 3,5-dihydoxyacetophenone (1), the common intermediate 3,5-dimethoxyphenylacetic acid (3) was prepared through methylation and Willgerodt-Kindler reaction. Perkin condensation and decarboxylation reactions gave methoxylated cis-stilbenes 6 in good yields. Finally, the simultaneously occurred demethylation/isomerization process catalyzed by AlI 3 in acetonitrile made the procedure a highly efficient one. The present results have provided a conventional, cost-effective and commonly viable process for synthesis of trans polyphenolic stilbenes. 
